Abstract. We present results on hadronic resonance production in high energy nuclear collisions from the UrQMD hybrid model. In particular we are interested in the effect of the nal hadronic stage on the properties of resonances observable at RHIC and LHC experiments. We investigate weather these observable properties can be used to pinpoint the transition energy density from the QGP phase to the hadronic phase.
Introduction
The interpretation of the results of ultrarelativistic heavy ion collisions is one of the most challenging problems in theoretical nuclear physics presently. In these collisions, presently investigated at the Relativistic Heavy Ion Collider (RHIC) at the Brookhaven national laboratory and at the Large Hadron Collider (LHC) at CERN, more than thousand particles are observed in central collisions. Although the multiplicity and the single particle transverse momentum spectra at midrapidity of the different particle species are of interest by their own right, the purpose of the experiments is to nd out whether during the reaction the matter has made a transition towards a new state of matter, a Quark-Gluon Plasma (QGP). This information is not directly visible in the measured spectra and therefore theoretical approaches have to be employed to gure out whether the measured observables are compatible with the existence of such a QGP or, even more wanted, whether they can even lead to the conclusion that such a state is necessary to explain the measured quantities.
It turned out that the multiplicity of the almost all different hadron species is compatible with the assumption that they are emitted from an equilibrated source characterized by a temperature T and a chemical potential μ B [1] [2] [3] . The temperature which describes the data is very close to T c , the critical temperature at which, according to lattice gauge calculations [4, 5] , the transition between the QGP and the hadrons takes place. If a system reaches thermal equilibrium all knowledge about the history of the system is lost. Therefore the efforts to learn something about the time evolution of the system concentrates on those particles which do not agree with thermal model predictions. In particular interesting are protons at LHC and resonances at RHIC and LHC. It has been suggested that the lack of protons, and anti-protons, at the LHC is due to hadronic annihilation processes which takes place at the end of the expansion [6] . Here we concentrate on resonances.
If after hadronization the particles are still interacting one expects that the observed resonances are suppressed as compared to thermal model predictions. They are reconstructed by calculating the invariant mass of their decay products. If one of these decay products scatters on the way to the detector the resonance cannot be identi ed anymore. Due to their large mass we do not expect that the a e-mail: jsfroschauer@lbl.gov 3 resonances are regenerated at the end of the expansion phase because the average sqrts in collisions decreases constantly. This simple idea has been con rmed in UrQMD calculations [7] .
In the meantime transport theory has been further developed and one has realized that the QGP at the beginning of the expansion is best described by a hydrodynamical approach. The equation of state which is used in these calculations and which has been calculated in lattice gauge calculations can be understood as a superposition of that of a QPG and that of a hadron resonance gas. At high density the contribution of the hadron resonance gas is almost negligible whereas close to the critical temperature the hadron resonance gas dominates. This allows to describe the transition from the hydrodynamical state to the hadron gas by the Cooper Frye formula. After hadronization the hadrons can still have interactions which may be the origin of the apparent suppression of resonances.
In this scenario it is the essential question whether the observed resonance yield re ects the energy density at which the transition between the hydrodynamical and the kinetic stage takes place. In these proceedings we will demonstrate that according to the results of the URQMD hybrid models indeed the nally observed spectra are close related to the critical energy density at which the transition takes place.
The UrQMD Hybrid Model
To investigate the effect of the hadronic nal state on hadron resonances created at the hadronization, we employ the UrQMD hybrid model. The UrQMD hybrid model combines the advantages of a hadronic transport model with an intermediate hydrodynamical stage for the hot and dense phase of a heavy ion collision. The UrQMD Model [8, 9] (in its cascade mode) is used to calculate the initial state of a heavy ion collision for the hydrodynamical evolution [10] . This is done to account for the non-equilibrium dynamics in the very early stage of the collision. The coupling between the UrQMD initial state and the hydrodynamical evolution happens at a time t start when the two Lorentz-contracted nuclei have passed through each other. At this starting time all initial collisions have happened. It is further the earliest time at which local thermodynamical equilibrium may be achieved. At this time the energy, baryon number and momenta of all particles within UrQMD are mapped onto the spatial grid of the hydrodynamic model by representing each hadron by a Gaussian of nite width σ = 1 fm. In this approach the effects of event-by-event uctuations and stopping of energy and baryon number density in the initial state are naturally included.
The full (3+1) dimensional ideal hydrodynamic evolution is performed using the SHASTA algorithm [11, 12] . We solve the equations for the conservation of energy and momentum and for the conservation of the baryonic current The partial differential equations are solved on a three-dimensional spatial Eulerian grid with xed position and size δx = 0.2 fm in the computational frame. To close the set of equations an equation of state (EoS), the pressure as function of energy and baryon number density p(e, n) needs to be speci ed. In the following we will use an EoS that corresponds to an hadron resonance gas. This is convenient as it includes the same degrees of freedom as the UrQMD model, which essentially allows us to study the effect of local equilibrium on the different observables. Previous investigations have shown that different equations of state only lead to insigni cant differences in the results [13, 14] .
To transfer all particles back into the UrQMD model, an approximate iso-eigentime transition is chosen (see [15] for details). To this end we apply the Cooper Frye prescription [16] to individual transverse slices, of thickness Δz = 0.2fm, at a time-like transition hypersurface. The transition time for a given slice is determined by the time when the energy density ε in every cell of this slice has dropped below a certain transition energy density. As a result we obtain a longitudinal iso-eigentime transition with an almost rapidity independent maximum switching temperature for beam energies above √ s NN ≈ 10 GeV. In a given slice the hydrodynamic elds are transformed to particle degrees of freedom via the Cooper-Frye equation on an isochronous time-like hypersurface in the computational frame.
The above transition procedure conserves baryon number, electric charge, the total net strangeness and the total energy on an event-by-event basis. After the particles are created they evolve according to a hadronic cascade (UrQMD) where nal re-scatterings and decays are calculated until all interactions cease and the system decouples. A more detailed description of the hybrid model including parameter tests and results can be found in [17] .
Results
In the following we present our results for the spectra and yields of resonances at the transition hypersurface and after the nal hadronic state. In our calculation we identify an observable resonance by following the time evolution of its decay products. If all decay products do not rescatter we assume the resonance to be reconstructable from the nal hadron measurements. On the other hand if a decay product of the resonance undergoes at least one rescattering we assume it to be not observable. Figure 1 shows the nal mid rapidity (|y| < 0.5) ratio of observable resonances to stable hadrons in simulations of AuAu/PbPb collisions at √ s NN = 200 and 2700 GeV. In particular we compare the results for different values of the transition energy density. We observe a very small energy dependence. Also the dependence of the nal ratio on the transition criterion is rather small. In general our results follow the data with small deviations of the φ/K − ratio when compared to data. While the ρ's have almost all decayed until 20 fm after the transition, the φ lives considerably longer and decays at much later times. Thus ρ mesons are those which carry information about the early stage of the expansion because at 15 f m/c 50% of the nally observed ρ have already been created. Nevertheless the many rescatterings during the hadronic phase wash out the information on the transition energy density. This explains why the total yield is that insensitive on the transition energy density, as seen in gure g:1.
p ⊥ Dependence
In the following we will discuss the p ⊥ dependence of resonance modi cations in the hadronic phase. For example we are interested to see a p ⊥ dependent absorption. This is displayed on the left hand side of gure 4. We show the p ⊥ dependent ratio of observed resonances to those produced at the transition hypersurface. We also compare two different transition criteria, 3e 0 (solid lines) and 9e 0 (dashed lines). We observe that during the expansion the resonances gain a lot of transverse momentum. Therefore at low p ⊥ the ratio is below one while the spectra are enhanced at high p ⊥ . This is mainly due to the collective ow the resonances gain in the nal stage. In the right part of gure 4 we compare two different transition criteria as a function of p ⊥ . The dashed lines depict results directly at the transition hypersurface, while the solid lines are for observable resonances. It is clear that the p ⊥ distributions for different transition densities differ considerably at the freeze out surface because a higher freeze out energy density correspond to a higher temperature. It is, however, astonishing that also the spectra of the nally observed resonances differ by up to a factor of 1.7 for the two freeze out energy densities. The gure show as well that the momentum shift or the collective ow depends strongly on the freeze out energy density.
Finally it is useful how the phenomena described above show up in observables. For this purpose we calculate the p ⊥ dependence of the ratios of observable resonances to stable hadrons. Figure 5 depicts these ratios for several resonances for two different transition criteria 3e 0 (solid lines) and 9e 0 (dashed lines). The ratios are very similar because the stable particles obtain a similar collective ow as the resonances. Only at large transverse momenta a difference can be observed. For the kaons this ratio may become as large as a factor of two.
00002-p.5 4 Summary
We have studied in this contribution whether resonances can be used to determine the transition energy density where hadronization occurs. We found that the collective ow in the hadronic phase depends strongly on this transition energy density. This collective ow affects, however, the stable particles and therefore the ratio of resonances to stable particles as a function of the transverse momentum shows only little dependence on the freeze out energy density. Whether the slope of the spectra can be used to determine the freeze out energy density remains to be seen.
